Objectives: This study aimed to acquire knowledge about the factors affecting smartphone adoption for accessing information in medical settings in Iranian Hospitals. Methods: A qualitative and quantitative approach was used to conduct this study. Semi-structured interviews were conducted with 21 medical residents and interns in 2013 to identify determinant factors for smartphone adoption. Afterwards, nine relationships were hypothesised. We developed a questionnaire to test these hypotheses and to evaluate the importance of each factor. Structural equation modelling was used to analyse the causal relations between model parameters and to accurately identify determinant factors. Results: Eight factors were identified in the qualitative phase of the study, including perceived usefulness, perceived ease of use, training, internal environment, personal experience, social impacts, observability and job related characteristics. Among the studied factors, perceived usefulness, personal experience and job related characteristics were significantly associated with attitude to use a smartphone which accounted for 64% of the variance in attitude. Perceived usefulness had the strongest impact on attitude to use a smartphone. Conclusion: The factors that emerged from interviews were consistent with the Technology Acceptance Model (TAM) and some previous studies. TAM is a reliable model for understanding the factors of smartphone acceptance in medical settings.
Introduction
Mobile technologies such as smartphones are increasingly being adopted and used by a large number of health care professionals since these technologies have potentials to improve health care services at the point of care.
centres would improve the efficiency and quality of clinical practice and patient care, even in developing countries. [3] [4] [5] Moreover, a study which has reviewed a number of systematic reviews shows that handheld computers provide health care professionals with easy and timely access to information, evidence based decision support, and patient management systems, which lead to the improvement of clinical decision making. 6 Mobile technologies are rapidly becoming more ubiquitous and more accessible to a large number of nurses, medical students and physicians in medical settings. For instance, one study in the United Kingdom showed that the majority of medical students and junior doctors used a smartphone and medical apps for professional purposes. 7 In addition, a national survey by Accreditation Council for Graduate Medical Education (ACGME) residency and fellowship programme in the USA showed that over half of respondents used medical apps in their clinical practice and the most popular app was drug guides. 8 Another study in Canadian universities showed a widespread use of smartphones and tablets for clinical purposes. 9 These tools are also becoming popular in developing countries for accessing scientific databases and drug references, Web browsing, communication purposes and for assisting better clinical decision making. 4, 10 The advantages of using mobile technologies in health care are already visible when physicians adopt and use these tools in medical settings. 2 In order to encourage health care professionals to use smartphones or other mobile technologies in daily clinical activities, this is helpful to know which factors affect their acceptance for professional purposes. 2 A number of theoretical models such as the 'Technology Acceptance Model (referred to as TAM)' and the 'Diffusion of Innovations' have been developed to explain the determinants of mobile technology adoption. 11 TAM is one of the widely used empirical models applied in previous studies ( Figure 1 ). TAM is an information system theory -developed by Davis in 1989 -that illustrates how users adopt and apply a technology or a system.
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This model evaluates the technology based upon 'perceived ease of use' and 'perceived usefulness'. Therefore, once users find technology easy to use and supporting their needs, they will have a positive attitude towards the technology and most likely will believe that it is useful for them. 11 To the best of our knowledge, few studies have developed models to explain the factors that influence mobile phone adoption. For example, one study suggested a model for representing mobile phone adoption factors based on TAM. 13 Researchers use these models to clarify the relationship between consumer attitudes, intentions and actual use.
14 Although TAM is a highly cited model in information technology, its application is limited due to the fast paced technological changes. 15 Given the limitations of TAM, further research is needed to get a better insight into and to enrich our understanding of the adoption of mobile information technologies. 13, 15 This motivated us to investigate the factors influencing the adoption of smartphones for accessing information in medical settings.
Methodology
This study includes two steps. In the first step, a qualitative research method was applied to provide an in-depth insight into the unexplored research area of the adoption factors of smartphones in medical settings for accessing medical information. Qualitative methods are appropriate when researching a topic that is poorly understood.
Qualitative phase
In the first part of this study, we conducted semistructured and face-to-face interviews with 11 medical interns and 10 residents, between June and August 2013. We selected participants based on the criteria that they used smartphones for clinical purposes or they were familiar with the use of smartphones for professional purposes in medical settings. The average interview time was 15 minutes, ranging from 8 to 45 minutes. We recorded and then transcribed the interviews with the agreement of the participants. We used snowball sampling method to recruit participants. All participants had the experience of using smartphones. We continued data collection until the data saturation was reached. 16 We identified concepts from the transcripts of interviews and then put similar concepts together to form the categories. 
Quantitative phase
The next stage of the study was conducted in 2014. We selected the study samples from ImamKhomeini and Hazrat-e-Rasool hospitals in Iran. Based on the findings from the first phase of the study, nine relationships were hypothesised: 1 A user's 'attitude' towards using a smartphone positively affects his/her 'behavioural intention' to use a smartphone for accessing medical information 2 A user's 'perceived usefulness' of a smartphone positively affects his/her 'attitude' towards using a smartphone for accessing medical information 3 A user's 'perceived ease of use' positively affects user's 'attitude' towards using a smartphone for accessing medical information 4 'Training' on how to use a smartphone positively affects user's 'attitude' towards using a smartphone for accessing medical information 5 'Internal environment' will affect user's 'attitude' towards using a smartphone for accessing medical information 6 'Observability' of smartphone use will positively affect user's 'attitude' towards using a smartphone for accessing medical information 7 User's 'job related characteristics' will affect his/her 'attitude' towards using a smartphone for accessing medical information 8 User's 'personal experience' will affect his/ her 'attitude' towards using a smartphone for accessing medical information 9 'Social impacts' will affect user's 'attitude' towards using a smartphone for accessing medical information We developed a questionnaire to test these hypotheses and to evaluate the importance of each variable driven from the qualitative part of the study. The questionnaire was designed using TAM as the baseline model, and the data that emerged from the qualitative part of our study. Questionnaires were directly distributed to 150 medical interns and medical residents at both hospitals. The study instrument was divided into two sections: the first section collected demographic factors of participants and the second section included items used to measure the study variables. These were the variables believed to affect the adoption of smartphones in medical settings.
To measure the weight of responses, we used a five-point Likert scale ranging from 'strongly disagree' to 'strongly agree'. We investigated the validity of the study instrument by the viewpoint of two specialists in the field of information technology and two experts in the field of information sciences. Cronbach's alpha coefficient was used to estimate the internal reliability of multi-items (Table 1) . Total reliability of the questionnaire was measured as 0.953, which indicated the high internal consistency and precision of the instrument. One variable (social impacts) was removed from the final questionnaire because of its low Cronbach's alpha (0.211). The first version of the questionnaire had 40 items, but after removing 'social impacts', the final version included 37 questions. Written consent was obtained from subjects who decided to participate in the study. In both phases of the study, no identifying information was recorded to maintain respondents' confidentiality.
Data analysis
Structural equation modelling (SEM) was used to analyse the causal relations between model parameters and to accurately identify antecedent factors that determine smartphone acceptance in medical settings. The estimation of parameters used maximum-likelihood estimation (MLE), which required the sample size to be 100-400. 17 As our sample was smaller than 100, we used Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) to know whether we had sampling adequacy for using SEM (KMO = 0.82). Afterwards, Bartlett's test of sphericity was used as a measurement of the appropriateness of factor analysis (P-value < 0.001). We tested to see whether there was correlation between independent and dependent variables. Linear structural relationships (LISREL), version 8.80, was used to analyse the data. In all tests, P-values of <0.01 were interpreted as statistically significant.
Results

Qualitative phase
Based on participants' responses, eight factors were identified in the qualitative phase of the study including (1) perceived usefulness, (2) perceived ease of use, (3) training, (4) internal environment, (5) personal experience, (6) social impacts, (7) observability and (8) job related characteristics.
1 Perceived usefulness: Respondents could benefit from easy access, the speed of getting high-quality medical information, storage of large volumes of information, access to evidence based information and improving clinical decision makings. According to the results, the physicians who had perceived the benefits of using smartphones in clinical activities had been encouraged to use them again. As Figure 1 shows, 'perceived usefulness' is one of the main constructs of TAM. The following sentence illustrates 'perceived usefulness': P 7: 'I have installed an offline Up-To-Date app. I often use Up-To-Date database to access high-quality evidence such as drug information, practice changes, or to make a better clinical decision'. 2 Perceived ease of use: Participants declared that using smartphones to seek and access information is easy and requires little computer knowledge. Thus, if they perceived that the use of a smartphone was easy, they decided to use it. 'Perceived ease of use' is another main construct of TAM. The following sentence illustrates 'perceived ease of use': P 13: 'I have limited computer knowledge; however, I easily get a drug or that the prominent culture of using smartphones among their friends and colleagues influenced their intention to use smartphones. However, they mentioned that the negative viewpoints of patients and individuals dominated in that community may influence non-adoption of smartphones. This category was named as 'social impacts'. The following sentence illustrates this category: P 20: 'I am shy to use my iPhone when I want to check drug information as I feel this may lead to patients' lack of trust to me as a doctor'. 7 Observability: Observing colleagues using smartphones was mentioned as another factor affecting smartphone adoption. Participants believed that observing others using smartphones for professional purposes such as accessing information influenced their intention to use smartphones for similar purposes. According to the literature, this was named as 'observability'. 8 Job related characteristics: Participants mentioned that they need smartphones for having easy and timely access to medical information. In the medical field, some critical information is easily forgotten over time. Thus, physicians should use smartphones for storing and accessing clinical and pharmaceutical information in order to recall them when needed. However, in other professions timely access to information is not as critical as it is in the medical field. This category was named as 'job related characteristics'. In order to explain the strength of factors, the percentage of weight for the smartphone adoption was calculated for each factor. Therefore, each comment of participants was assigned to a related category and the number of comments was calculated. The strength of the factors was computed based on the number of comments of each user about each specific category. As table two shows, 'perceived usefulness', 'perceived ease of use' and 'training' had the highest frequency of 70% of the total responses (Table 2) .
Quantitative phase
In the second phase of the study, 91 of 150 subjects responded to the questionnaires. Five The following explanatory model shows the association between independent and dependent variables:
According to Figure 2 , independent variables accounted for 65% of the variance in 'attitude' towards using a smartphone, and among the independent variables, 'perceived usefulness' had the strongest impact on 'attitude'. 'Attitude' accounted for 85% of the variance in 'behavioural intention' (Figure 2 ). According to this figure, no correlation was found between the independent variables, including 'observability', 'perceived ease of use', 'internal environment' and 'training', and the dependent variables ('behavioural intention' and 'attitude'). Therefore, these independent variables were excluded from the model (Figure 3) , and no further analysis of model fit was conducted on them.
In the new model (Figure 3) , 'perceived usefulness', 'job related characteristics' and 'personal experience' accounted for 64% of the variance in 'attitude' towards using a smartphone. 'Perceived usefulness' had the strongest impact on 'attitude'. Moreover, 'attitude' accounted for 85% of the variance in 'behavioural intention' (Figure 3) . Therefore, the paths between 'perceived usefulness', 'job related characteristics' and 'personal experience' to 'attitude', and between 'attitude' to 'behavioural intention' were confirmed. Figure 2 The smartphone acceptance research model for accessing medical information in medical settings. BI, Behavioural intention to use a smartphone; AT, attitude towards using a smartphone; PEOU, perceived ease of use; PU, perceived usefulness; TR, training; OB, observability; IE, internal environment; JRC, job related characteristics; PE, personal experience. *P-value<0.001
The goodness-of-fit indexes suggested a generally acceptable level of fit between the data and the proposed model: The x 2 /df value was 1.59, falling well within the recommended range of 1.0-2.0. 17 The five major fit indices were as follows: normed fit index (NFI) = 0.91; comparative fit index (CFI) = 0.97; incremental fit index (IFI) = 0.97; non-normed fit index (NNFI) = 0.96; all above the benchmark of 0.9. The value of the root mean square error of approximation (RMSEA) was 0.078, falling well within the acceptable range of 0.05-0.08. 17 
Discussion
As proposed models for the acceptance of mobile technologies are usually deterministic, more qualitative studies should be done to make an indepth investigation of the determinant factors for smartphone acceptance. 18 In this study, we decided to identify the determinant factors for smartphone adoption in medical settings for accessing medical information in Iran. This provides the first data on the adoption factors of smartphones in Iranian medical settings. The results might build on previous studies and extend our understanding of the research area. We hope it would help to create a situation in which the use of smartphones will be spread widely among health care professionals.
In the first phase of the study, eight variables were identified. All eight variables were already seen in TAM and the literature. Of those, 'perceived usefulness' and 'perceived ease of use' were the main constructs of TAM. However, less literature was found about 'training' and 'social impacts' as adoption factors. Other factors, including 'internal environment', 'personal experience' and 'job related characteristics', were seen in 'previous studies', but according to the interviews, new items were categorised under them (see Appendix). For instance, job related characteristics included the following items: (a) a physician's need to easy and fast access to medical information is likely to influence his/her attitude to use the smartphone, (b) forgetting clinical and drug information would influence me to use a smartphone, (c) using a smartphone is dependent on one's specialty, d) adopting a smartphone is influenced by job characteristics.
Findings indicated that among the studied factors only 'perceived usefulness', 'personal experience' and 'job related characteristics' were significantly associated with 'attitude'. Also, 'perceived usefulness' had the strongest impact on 'attitude' and 'attitude' accounted for 85% of the variance in 'behavioural intervention'.
In our study, 'perceived ease of use' was not a determinant factor, while 'perceived usefulness' had the strongest impact on 'attitude'. Our study agreed with the findings of some previous studies.
14 For example, one study showed that 'perceived usefulness' positively determined 'attitude' towards using a smartphone, but not 'perceived ease of use', 19 and another study found Figure 3 The validated smartphone acceptance model for accessing medical information based on PU, JRC, PE, and AT, and BI. *P-value<0.001
'attitude' was stronger than 'perceived ease of use'. 20 However, a number of studies have reported that both variables have a significant influence on smartphone adoption.
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'Job related characteristics' was significantly associated with 'attitude' in our study. However, the results of some previous studies did not find a significant relationship between this factor and 'attitude'. 20 The multivariable analysis in one study showed that a higher perceived benefit and a higher personal interest in new technologies independently predicted frequent usage of a mobile application for medical education in general practice. 21 In our study, interest in new mobile technologies was classified under the category of 'personal experience' which was significantly associated with 'attitude'. These personal experiences consisted of 'interest in using mobile technologies', 'personal purposes' and 'feelings of needing to current information'. One study recommended that training for faculty and students is the first step in increasing the use of mobile technologies in clinical courses among the nursing communities. 22 Another study also revealed that training significantly affected 'perceived ease of use'. 23 The first phase of our study also revealed that 'training' was an important factor in successfully adopting smartphones in medical settings. However, the quantitative phase showed that 'training' was not a predictor for smartphone adoption in Iranian medical settings. One possible explanation for this result is that the participants in our study were familiar with the benefits of smartphones, so they did not feel they needed the training to use a smartphone for professional purposes. Previous studies have mentioned that management support has a positive impact on medical doctors' and nurses' intention to use smartphones in their workplaces. 24 Technical support of higher manager was also supposed to affect smartphone adoption as mentioned in the qualitative phase of the study, as well as some previous research. 23, 25 However, in our study internal environment attributes such as management and technical support were not predictors of smartphone adoption.
We also found that 'observability' was not a predictor of smartphone adoption, while many previous studies have shown it as a determinant factor for smartphone adoption among health care professionals 24 . One reason could be that smartphones have increasingly become more popular because of their potential capabilities, such that nowadays increased observability doesn't affect physicians' attitude to use a smartphone.
Study limitation
The study included a limited number of medical branches, and only involved medical residents and interns. Also, a qualitative study design, like the one used in the first step of the study, is usually limited in sample size. Therefore, it is hard to generalise the results of this study to a larger population. For a better understanding of adoption factors in medical settings, it is essential to conduct further studies among different groups of health care professionals on a broader geographical scale with a larger sample size. Further studies, such as the effect of smartphones on the quality of work outcome and hospital performance, are also required.
Conclusion
This study discusses encouraging factors that promote smartphone acceptance in medical settings in Iran. Most factors that emerged from interviews were consistent with the Technology Acceptance Model (TAM); thus, this model provided a good framework for understanding smartphone adoption factors for accessing medical information. However, we believe that further studies might identify more factors. We thought the factors affecting smartphone adoption in Iranian medical settings as a developing country may differ from adoption factors elsewhere in the world. It was shown that in the studied medical settings, just 'perceived usefulness', 'personal experience' and 'job related characteristics' were good predictors of 'attitude' towards using a smartphone. Other factors, including 'perceived ease of use', 'internal environment', 'training', 'observability' and 'social impacts', had no influence on attitude towards using a smartphone. One reason could be that because of the many smartphones' capabilities, they have become more popular among health care professionals than in the past. However, further studies are required to see whether or not smartphone adoption factors in Iran are different from other places.
Preparing the IT infrastructure and planning the workflow changes in medical settings are essential for smartphone technology implementation. Moreover, librarians in medical settings can play a significant role in motivating health care processionals to use their smarpthones for accessing information, by providing them with highly used and licensed mobile medical resources. Table . (continued) 
